To evaluate the correlation between the degree of basement membrane (BM) preservation and clinicopathological characteristics in the replacementgrowth type (lepidic growth type) of small peripheral adenocarcinomas of the lung, the BM components of 72 surgically resected replacementgrowth type adenocarcinomas of the lung, 2 cm or less in diameter, were evaluated immunohistochemically by using a monoclonal antibody to Type IV collagen and polyclonal antibodies to 7S collagen and laminin. The tumors were classified into the following three distinctive histological types according to the condition of the elastic framework: Type I, bronchioloalveolar carcinoma without fibrotic foci; Type II, sclerosing bronchioloalveolar carcinoma without elastic framework destruction; and Type III, sclerosing bronchioloalveolar carcinoma with elastic framework destruction. The BM was well preserved in the area of bronchioloalveolar spread along fully expanded alveoli in all tumor types; however, BM preservation was significantly lost in the areas of collapsed alveoli in Type III tumors. There were no BM component staining reactions in the scarred regions of Type III tumors. In addition, lymph node metastasis was significantly greater in Type III tumors and BM-destroyed tumors. We concluded that the BM was largely destroyed by tumor cell invasion in the scarred region of Type III adenocarcinomas. Type III tumors had discontinuous BMs in the area of collapsed alveoli, indicating that this BM-destructive pattern must be the first step in tumor invasion. Type I and II tumors were concluded to be noninvasive adenocarcinomas, because their BM components were well preserved and they had a good outcome.
Surgical resection is the standard therapy for clinical stage I non-small cell lung cancer (NSCLC). However, the 5-year survival rate in this stage has been reported to be 60 -80% even after curative resection (1) (2) (3) (4) (5) . Although Stage I carcinomas are thought to be early carcinomas curable by surgery alone, pathological examination sometimes reveals lymph node or intrapulmonary metastasis. Therefore, the preoperative clinical stage must often be underestimated, and some Stage I tumors are already advanced and have a poor prognosis.
Shimosato et al. (6) reported the prognostic implications of fibrotic foci in small peripheral lung cancer. They found that adenocarcinomas with fibrotic foci consisting of collagenization or hyalinization had a greater incidence of lymph node metastasis and blood vessel invasion. Consequently, these tumors had a poorer outcome than those without fibrotic foci. In addition, Noguchi et al. (7) reported that small localized bronchioloalveolar carcinomas (LBACs), less than 2 cm in diameter, with or without structural collapse of the alveoli, had no lymph node metastasis and an excellent prognosis (100% 5-year survival rate); however, small LBACs with active fibroblastic proliferation had a poorer outcome (75% 5-year survival rate). The latter category tends to behave the same as LBAC in the advanced stages. These results suggest that early invasion begins in small adenocarcinomas with fibrotic foci (8) .
Liotta and colleagues (9 -11) have proposed a model of invasion and metastasis by cancer cells in which the basement membrane (BM) plays an important role as a barrier against tumor cell invasion (12) . There have been several reports claiming that disruption of the BM in various tumors significantly correlated with a high incidence of distant metastasis and therefore with reduced patient survival (13) (14) (15) (16) . In another report, however, discontinuity of the BM was found to be of little prognostic significance (17) . The significance of BM destruction in various studies may differ because different methods of BM evaluation were used.
In this report, the degree of BM preservation was evaluated by immunohistochemical staining for laminin, Type IV, and 7S collagen, all of which are major components of the BM (18) . Three different areas of the same tumor identified on the basis of having the structural characteristics of the replacement-growth type (lepidic growth type) of adenocarcinoma were studied, and the immunohistochemical results were correlated with the histological type, lymph node metastasis, and survival.
MATERIALS AND METHODS

Tissues Specimens
We histologically reviewed 123 peripheral adenocarcinomas of the lung having a maximum tumor diameter of 2 cm or less. The specimens were surgically resected between 1983 and 1995 at the National Matsudo Hospital and National Cancer Center Hospital East. None of the cases had been treated by radiotherapy or chemotherapy preoperatively. Two pathologists (T.Y., T.K.) reviewed hematoxylin and eosin (HE) -stained slides of these tumors, and only the 72 tumors possessing replacement growth were selected for this study. The replacement-growth type of adenocarcinoma shows growth of well-differentiated cuboidal or columnar tumor cells replacing alveolar epithelium, as a single layer, with minimal or mild thickening of the alveolar septa (7) . When the World Health Organization (WHO) pathological criteria for adenocarcinoma of the lung was applied to our series, all our tumors were included in bronchioloalveolar carcinoma or adenocarcinoma mixed bronchioloalveolar subtype (19) . The clinical characteristics of the 72 patients are given in Table 1 . Their median age was 61 years, and 54 patients were female. Fifty-nine patients, consisting of 57 with Stage IA disease and 2 with Stage IB disease, were negative for lymph node metastasis. Lymph node or intrapulmonary metastases were pathologically detected in the remaining 13 patients.
Immunohistochemistry
Paraffin blocks of formalin-fixed tissue were serially sectioned at 4 m. One section was stained with HE for histological evaluation, another section was stained with Victoria blue to demonstrate the bronchioloalveolar structure, and the remaining sections were used for immunohistochemical staining for Type IV collagen, 7S collagen, and laminin. The primary antibodies used were a monoclonal antibody to Type IV collagen (Fuji Chemical Industries, Toyama, Japan; 1:100), a polyclonal antibody to 7S collagen (Nippon DPC Co., Tokyo, Japan; 1:1000), and two polyclonal antibodies to laminin (EY Laboratories, San Mateo, CA, 1:50 and DAKO, Glostrup, Denmark, 1:500). We mixed two polyclonal antibodies against laminin to intensify the immunoreactivity. The sections were treated with protease (Type XXIV, Sigma, St. Louis, MO) to enhance immunoreactivity. An ABC kit (DAKO) was used to visualize antigen localization with diaminobenzidine as a chromogen.
Evaluation
The degree of BM preservation at the tumorstromal interface was scored as complete preservation (CP); partial destruction (PD), which indicated that even a part of the BM was destroyed; or complete destruction (CD; Fig. 1 ). We evaluated BM preservation in the following three areas within the same tumor ( Fig. 2) : an area with a well-preserved lepidic growth (LG) pattern; an area of collapsed alveoli, and a scarred area. The LG region was present at the periphery of the tumor, which abutted normal lung, where the tumor cells showed a replacement growth pattern on the walls of the preexisting alveoli. The area of collapsed alveoli showed formation of fibrotic foci caused by col- lapse of the alveoli, where elastic fibers were markedly increased and the alveolar framework was collapsed but not destroyed. The scarred region was the fibrotic focus in the central zone of the tumor, with an abundant amount of collagen fibers where the elastic fibers had obviously been destroyed. Lymph vessel invasion and vascular invasion was evaluated anywhere and just outside the tumor on the HE-and Victoria blue-stained sections.
Statistical Analysis
Univariate analyses of the correlation between histological type and BM preservation and between histological characteristics and lymph node metastasis were performed by the 2 test. The survival rates were calculated by the Kaplan-Meier method. Differences were considered to be statistically significant when the probability value was less than .05. 
RESULTS
Histological Typing
First, the 72 replacement-growth-type tumors selected were grouped into 4 histological subtypes based on two histological features: preservation of the preexisting elastic framework as described by Eto et al. (20) and the presence of fibrotic foci according to whether there was proliferation of elastic and collagen fiber as described by Clayton (21) . In this grouping, 2 cases with no fibrotic foci had a well-preserved preexisting elastic framework. There was no tumor, that had two pathological features together, such as no fibrotic foci and elastic framework destruction. Seventy cases had fibrotic foci in the tumors, including 17 with elastic framework preservation and 53 with elastic framework destruction. On the basis of these findings, we grouped these tumors into the following three distinctive histological structural patterns (Table 2) .
Type I: bronchioloalveolar carcinoma without fibrotic foci
This type of tumor shows the replacementgrowth type of alveolar lining cells (Fig. 3A) . Existing bronchioloalveolar structures and elastic framework are well preserved. No elastic fiber condensation or collagen fiber synthesis can be detected in any region of the tumor. It is distinguished from atypical adenomatous hyperplasia by its increased cellularity and cellular atypia.
Type II: sclerosing bronchioloalveolar carcinoma without elastic framework destruction
This type of tumor also partially shows replacement growth of alveolar lining cells resembling Type I, but fibrotic foci caused by the collapse of preexisting bronchioloalveolar structures are observed in these tumors (Fig. 3B) . Condensation of elastic fibers is observed in the fibrotic foci, but the elastic framework is not destroyed. No proliferation of collagen fibers is detected. The alveolar septa in this collapsed region are thickened.
Type III: sclerosing bronchioloalveolar carcinoma with elastic framework destruction
This type of tumor also partially shows replacement growth of alveolar lining cells resembling Type I and II. However, fibrotic foci caused by destruction of preexisting bronchioloalveolar structures are observed in the tumors. Collagen fiber synthesis is observed in the fibrotic foci, and the elastic framework is severely distorted or none is detected (Fig. 3C) . Collagen fiber synthesis is suggested by foci of active fibroblastic proliferation. In these foci, large nuclei of the proliferation fibroblasts and endothelial cells of small vessels are prominent, and often accompanied by collagenization. Small solid nests of invasive cancer cells are sometimes observed among the collagen fibers.
When the WHO histological classification of adenocarcinoma of the lung was applied to our three histological types, Type I and II tumors were bronchioloalveolar carcinomas, and Type III was adenocarcinoma mixed bronchioloalveolar subtype (19) .
Each tumor was histologically subtyped by two pathologists (TY, TK) after a review of slides stained with HE and Victoria-blue for elastic fiber detection. Two tumors were Type I, 17 were Type II, and 53 were Type III ( Table 2) . Table 3 shows BM preservation in the LG region. Because there were only two Type I tumors, BM preservation was statistically analyzed in Type II and III. The three BM components were well preserved in both types of tumors (Fig. 4) . The differences in BM preservation between tumor types were not statistically significant in regard to any of the BM components. Table 4 shows BM preservation in the collapsed alveolar region. BM preservation was significantly lost in Type III tumors (Type IV, P ϭ .02; 7S, P ϭ .02; laminin, P ϭ .01; Fig. 5 ). In the scarred region, there was an abundant amount of collagen fibers, and no BM could be detected by immunohistochemical staining (Table 5 ; Fig. 6 ). We concluded that the BM had been largely destroyed by tumor cell invasion and that collagenization had occurred in the scarred region.
Immunohistochemical Analysis
We also examined the correlation between histological characteristics, such as histological type, degree of BM destruction, lymph vessel invasion, vascular invasion, and lymph node metastasis (Table  6 ). When even one BM component was completely destroyed in any region of the tumor, it was considered to be a tumor with BM destruction. Eleven of the 72 cases had pathologically confirmed lymph node metastasis. All were Type III and tumors with BM destruction. There were significant correlations between all histological characteristics and lymph node metastasis. Figure 7 shows the survival curves by histological type. The 5-year survival rate of the patients with Type I and II tumors was 100%, whereas it was 92.5% in those with Type III tumors. Because none of the patients with Type I and II tumors died and only 4 patients with Type III tumors died of tumors, statistical analysis according to differences in histological types were not performed. In addition, Figure 8 shows that the 5-year survival rate of the patients with BM-preserved tumors was 100%, versus 92.5% in those with BM-destroyed tumors.
DISCUSSION
Shimosato et al. (6) reported that the characteristics of the central fibrotic focus are probably more important than tumor size for predicting the outcome of patients with peripheral adenocarcinomas less than 3 cm in diameter. Kurokawa et al. (22) confirmed that grade of fibrotic scarring (central fibrosis) was one of the most important prognostic factors for small bronchioloalveolar carcinoma and that it was often absent in small cancers cured by surgery. In addition, Noguchi et al. (7) reported finding that small LBACs, under 2 cm, with active fibroblastic proliferation had a poor prognosis. These findings indicated that early invasion had already started in small adenocarcinomas with central fibrotic scars.
In this study, the LG region was found at the periphery of the tumors, where the three BM components were well preserved. We therefore concluded that invasive growth probably did not start in this area, the same as in a previous study (23) . BM preservation was significantly lost in the collapsed alveolar region of Type III tumors, which showed significant lymph node metastasis and a poor outcome. Although the collapsed alveolar pattern of Type III tumors is very similar to that of Type II tumors, tumor invasion must have already started in this region of Type III tumors. There was an abundant amount of collagen fibers in the scarred region, and the BM could not be detected by immunohistochemical staining. We concluded that the BM had been largely destroyed by tumor cell invasion and that collagenization had occurred in this region. Thus, lymph node metastasis was significantly greater in the Type III tumors.
In 1999, Travis et al. (19) published the WHO histological classification of tumors of the lung, in 
TABLE 3. BM Preservation in Lepidic Growth Regions
BM Preservation
Type IV Collagen* 7S Collagen** Laminin*** I  II  III  I  II  III  I  II  III   CP  2  15  43  2  16  50  2  16  41  PD  0  2  6  0  0  2  0  0  5  CD  0  0  4  0  1  1  0  1  7 II vs. III: * P ϭ 0.51, ** P ϭ 0.51, *** P ϭ 0.27.
TABLE 4. BM Preservation in Collapsed Alveolar Regions
BM Preservation
Type IV Collagen* 7S Collagen** Laminin*** II  III  II  III  II  III   CP  11  14  13  21  7  6  PD  3  15  2  7  3  7  CD  3  24  2  25  7  40 II vs. III: * P ϭ 0.02, ** P ϭ 0.02, *** P ϭ 0.01.
which they subclassified adenocarcinoma of the lung into acinar, papillary, bronchioloalveolar carcinoma, solid adenocarcinoma with mucin, adenocarcinoma with mixed subtypes and variants. In particular, bronchioloalveolar carcinoma has been defined as an adenocarcinoma with a pure bronchioloalveolar growth pattern and no evidence of stromal vascular or pleural invasion. If an invasive component is identified, then the tumor is classified as adenocarcinoma, mixed bronchioloalveolar subtype, rather than pure bronchioloalveolar carcinoma (19) . In our series of adenocarcinomas, the BM component was very well preserved in Type I and II tumors. On the other hand, BM preservation was significantly lost in Type III tumors. Therefore, when the WHO pathological criteria for adenocarcinoma of the lung was applied to our series of replacement-growth type of small peripheral adenocarcinomas, Type I and II tumors were bronchioloalveolar carcinomas, and Type III was adenocarcinoma mixed bronchioloalveolar subtype. In fact, the patients with Type I and II tumors had a good prognosis.
In this study, we could not distinguish between the original BM of the alveoli and newly formed BM produced by tumor cells. We were also unable to distinguish between discontinuous BM caused by cancer invasion and caused by mechanical destruction from alveolar collapse. It may become possible to use degree of BM preservation as a factor significantly correlated with invasion and metastasis if it becomes possible to distinguish different BM types by other biological markers.
Other histochemical stains such as periodic acidSchiff and reticulin also reveal positive staining for BM. Therefore we tried to evaluate the degree of BM preservation in our series using periodic acidSchiff stain. However, because it demonstrated only outlines of BM, it was difficult to evaluate the degree of BM preservation (data not shown). Additionally, although BM are largely composed of Type IV collagen and laminin, reticulin stains only demonstrate reticular fibers, which consist of very thin fibers of mainly Type III collagen (24) . Consequently, it is not possible to evaluate BM preservation precisely by reticulin stain. To evaluate the degree of BM preservation, immunohistochemical staining for Type IV collagen and laminin are needed.
No lymph node metastasis was detected in Type I or II tumors, and the 5-year survival rate was 100%. We think that these tumor types are noninvasive adenocarcinoma because the BM component was very well preserved. It may be possible to perform partial resection of Type I and II tumors clinically. A clinical trial of minimal dissection of Type I and II tumors is presently in progress at our institute. According to the protocol of this trial, we are examining frozen sections of peripheral adenocarcinomas less than 2 cm that had been rapidly stained for elastic fibers to detect alveolar framework destruction. If the pathologists diagnose the tumor as Type I or II, partial resection is performed. The results of this trial will be reported in the future. Type IV collagenase, matrix metalloproteinase (MMP) 2, and MMP 9, which are secreted by cancer cells, have been shown to play an important role in the degradation of BM (25) (26) (27) (28) (29) . Expression of these enzymes by cancer cells has been found to be correlated with the malignant potential of various cancers (30 -36) . Expression of these enzymes may be responsible for tumor invasion and metastasis of T1 adenocarcinoma of the lung (37) . We are currently investigating correlations between expression of these enzymes and BM preservation in the same specimens. We suspect that Type I tumors express inactive MMPs and that when they advance to Type II, the tumors begin to activate the enzymes, and they invade the extracellular matrix. Cancer invasion and collagenization must form the scarred regions observed in Type III tumors.
In conclusion, we evaluated BM destruction in three different histological areas of the same tumor and correlated it with metastasis. Our findings suggested that Type I and II tumors are noninvasive and that Type III tumors are invasive. The pattern of BM destruction observed in the collapsed alveolar area of Type III tumors must be the first step in tumor invasion. Moreover, the three types classified on the basis of BM preservation serve as a good indicator for limited surgery of peripheral-replacementtype adenocarcinoma of the lung.
